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(57) ABSTRACT 

An object tracking method and an object tracking apparatus 
for tracking an object in an image based on an image signal 
obtained from an image pickup device. At least one of the 
feature amounts including the position, siZe and the moving 
distance of the object in the image is detected, and based on 

(73) Assignee: Hitachi Kokusai Electric Inc., Tokyo the deteetieh result, the image piekup lens of the image 
(JP) pickup device is controlled thereby to track the object. At the 

same time, the range of a partial area of the image is set 
21 A 1, No,: 10/933 390 based on the detection result, and the image of the partial ( ) pp , 

area thus set is enlarged to a predetermined siZe and dis 
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OBJECT TRACKING METHOD AND OBJECT 
TRACKING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an object tracking 
method and an object tracking apparatus for tracking an 
object in an image picked up, or in particular to a technique 
for making it possible to track a moving object at a suf? 
ciently high speed and acquire an image of the object With 
a sufficiently high resolution. 

[0002] A remote monitor system having an image pickup 
device such as a TV camera has been Widely used. In many 
cases, the remote monitor system is What is called a manned 
monitor system in Which an operator monitors an object 
While Watching the image displayed on the monitor. In the 
manned monitor system, the operator is required to con 
stantly Watch the image displayed on the monitor and 
identify in real time an intruding object such as a person and 
an automobile entering the monitor range. This poses a 
considerable burden on the operator. 

[0003] In vieW of the fact that the concentration poWer of 
a person is limited, the manned monitor system may 
unavoidably overlook an intruding object and poses the 
reliability problem. With the explosive extension of the use 
of the monitor camera, on the other hand, a single operator 
is required to Watch a multiplicity of TV camera images on 
a plurality of monitors on more and more occasions. An 
intruding object Which is caught on a plurality of TV 
cameras at the same time is liable to be overlooked. 

[0004] Such being the situation, a strong demand has 
recently arisen for a monitor system of What is called 
automatic tracking type capable of the monitor operation 
Without human labor in Which an intruding object is detected 
automatically by processing the image picked up by a TV 
camera, and a camera pan and tilt head (sWivel base) 
carrying a TV camera is controlled to catch the image of the 
intruding object at the central part of the screen so that the 
direction of the visual ?eld and the image angle are auto 
matically adjusted to produce a predetermined notice and 
take an appropriate alarm action. 

[0005] The implementation of this system, hoWever, 
requires the function of detecting from an image signal What 
is considered as an intruding object and detecting the motion 
of the intruding object using a predetermined monitor sys 
tem. 

[0006] One example of the monitoring method Widely 
used for detecting an intruding object in the manner 
described above is a subtraction method. In the subtraction 
method, the input image obtained from the TV camera is 
compared With a reference background image prepared in 
advance, i.e. an image in Which no object to be detected 
appears. Then, the difference of brightness is determined for 
each pixel, and an area having a large difference value is 
detected as an object. An application of the subtraction 
method is also under study. See US. Pat. No. 6,088,468, for 
example. 
[0007] The template matching method, Which is also used 
as Widely as the subtraction method, is another example of 
the conventional monitor method in Which the moving 
distance of an intruding object is detected. In the template 
matching method, an image of an intruding object detected 
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by the subtraction method, etc. is registered as a template, 
and the position most analogous to the template image is 
detected from a plurality of sequentially input images. See, 
for example, Tamura Hideyuki, “Introduction to Computer 
Image Processing”, Soken Publishing, 1985, p. 149-153. 
Normally, in the case Where an object to be detected is 
tracked using the template matching method, the change in 
the position of the object is folloWed, and the image of the 
position of the object detected by matching is updated 
sequentially as a neW template. 

SUMMARY OF THE INVENTION 

[0008] A monitor system of object tracking type called the 
mechanical/optical tracking method is available in Which the 
camera pan and tilt head (hereinafter referred to as the 
camera head) and the image pickup lens are mechanically 
and/or optically controlled. In the case Where the processing 
unit such as the microprocessing unit (MPU) of the monitor 
system judges that the camera head or the image pickup lens 
is required to be controlled, hoWever, some delay time 
occurs before the control operation is actually started. Also, 
the time required for controlling the camera head and the 
image pickup lens (the time before the camera head is 
controlled to an intended position or the image pickup lens 
is controlled to the focal length) may last as long as several 
seconds. During this time period, a plurality of frames of 
input images are processed by a processing unit. 

[0009] This process is explained speci?cally With refer 
ence to FIG. 7. FIG. 7 shoWs an example in Which a 
human-like intruding object 801a detected at a given time 
point t1 is tracked While being Zoomed up. In FIG. 7, the 
time point at Which the input image 801 is acquired is 
expressed as t1, and the time points at Which the sequentially 
input images are acquired at a predetermined time interval 
(say, 100 ms) are expressed as (t1+1), (t1+2), . . . in the order 
of input. 

[0010] First, the intruding object 801a in the input image 
801a obtained at time point t1 is detected by the subtraction 
method. The image of the intruding object is registered as a 
template 801b. In vieW of the fact that the intruding object 
801a is located on the left side of the center of the input 
image 801, an instruction to turn (pan) the camera head to 
the left is transmitted through a camera head control inter 
face means. Further, in order to set the image of the intruding 
object to a predetermined siZe (say, 80% of the vertical siZe 
of the screen), an instruction to increase the focal length of 
the image pickup lens is transmitted through a lens control 
interface means. 

[0011] Next, an intruding object 802a is detected by 
template matching from an input image 802 obtained at time 
point (t1+1), and this image is updated as a template 802b. 
By this time, the operation corresponding to the instruction 
transmitted at time point t1 is not yet completed for the 
camera head and the image pickup lens. In this case, a 
control instruction is again transmitted to the camera head 
and the image pickup lens. 

[0012] Next, an intruding object 803a is detected by 
template matching from an input image 803 obtained at time 
point (t1+2), and this image is updated as a template 803b. 
In the process, the intruding object 803a is located at the 
center of the screen and therefore the control operation of the 
camera head is completed. Nevertheless, the siZe of the 
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intruding object on the input image has yet to reach a 
predetermined target siZe. Once again, therefore, a control 
instruction is transmitted to the image pickup lens. 

[0013] Next, an intruding object 804a is detected by 
template matching from an input image 804 obtained at time 
point (t1+3), and this image is updated as a template 804b. 
By that time point, the intruding object in the input image 
has reached the predetermined target siZe, and therefore the 
control operation of the image pickup lens is completed. 

[0014] In this Way, a delay occurs betWeen the time of 
processing the result of detection of an intruding object by 
the processing unit and the control operation of the camera 
head and the image pickup lens. This loW responsiveness 
may make it impossible for the camera head or the image 
pickup lens to folloW the motion of the intruding object in 
the monitor area. In such a case, the intruding object cannot 
be caught Within the visual ?eld of the image pickup device, 
and therefore it is dif?cult to improve the object tracking 
performance. This problem presents itself conspicuously 
especially in the case Where the image pickup lens has a 
large focal length (in Zoom-in operation). In mechanical/ 
optical tracking of an object, therefore, the focal length of 
the image pickup lens is required to be set at a small value 
for the purpose of monitoring. 

[0015] In order to overcome this problem, an object track 
ing method called the electronic tracking method has bee 
proposed in Which a part of the input image is electronically 
enlarged and tracked Without controlling the camera head or 
the image pickup lens. In this method, a part of the input 
image is cut out and enlarged, and therefore the pseudo 
control operation of the camera head is realiZed by adjusting 
the cut-out position. Further, the lack of the mechanical 
control operation makes it possible to solve the above 
mentioned problem of loW responsiveness of the devices for 
controlling the mechanical/optical tracking operation, and 
therefore stable tracking operation is assured. In this 
method, hoWever, a part of the input image is cut out and 
enlarged, and therefore in the case Where the resolution of 
the input image is loW, the enlarged image undesirably 
appears in blocks (mosaic). 

[0016] This problem is explained speci?cally With refer 
ence to FIG. 8. FIG. 8 shoWs the result of processing the 
input image 901 (same as the input image 801) at time point 
t1 in the same manner as in the case explained With reference 
to FIG. 7. In FIG. 8, the input image 901 is electronically 
tracked so that a blocked image 902 of an electronically 
enlarged partial image 9016 of the input image 901 is 
displayed on the image monitor device. In FIG. 8, With the 
increase in the electronic magni?cation, as shoWn by the 
image 902, it becomes impossible to obtain the information 
such as the detailed expression of the intruding object. 
Further, the electronic tracking requires that the image of the 
Whole monitor area is picked up With an image pickup 
device Without controlling the camera head or the image 
pickup lens, and therefore it is necessary to use an image 
pickup device having a large ?eld angle. 

[0017] In the monitor system of automatic tracking type, 
it is important to monitor an object at a maximum Zoom-up 
rate Without adversely affecting the reliability of the object 
tracking function. The mechanical/optical tracking method 
has the advantage that the monitor range is Wide and the 
image of the intruding object can be acquired With a high 
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resolution. On the other hand, this monitor system is 
encountered With the problem of a considerable time length 
required before the intruding object is caught in an appro 
priate siZe at the center of the screen due to the loW 
responsiveness of the camera head and the image pickup 
lens and the problem that the object cannot be tracked any 
longer once displaced out of the image. 

[0018] The electronic tracking system has the advantage 
that an intruding object can be caught at high speed in an the 
appropriate siZe at the center of the screen. On the other 
hand, the problem is that an increased magni?cation of the 
input image at a loW resolution leads to a blocked image, 
thereby making it impossible to acquire the detailed infor 
mation on the intruding object and necessitating a Wide 
angle image pickup device. 

[0019] The object of this invention, Which has been devel 
oped in vieW of the aforementioned situation, is to provide 
an object tracking method and an object tracking apparatus 
Wherein an object can be automatically tracked by an image 
pickup device at a suf?ciently high speed to folloW the 
motion of the object and the image of the object can be 
acquired With a suf?ciently high resolution. 

[0020] According to one aspect of the invention, there is 
provided an object tracking method using an image pickup 
device capable of controlling the image pickup direction and 
the Zooming rate, comprising the steps of: detecting at least 
one feature amount of an image of the object in an input 
image obtained from the image pickup device; controlling 
the image pickup device based on the detected feature 
amount to track the object; setting a range of a partial area 
containing the image of the object in the input image based 
on the feature amount detected; and enlarging the image in 
the set range of the partial area. 

[0021] In this speci?cation, the Word “tracking” should be 
interpreted to have a similar meaning to the Word “tracing” 
according to the invention. Also, the expression “image” 
used herein should be interpreted to include “video image” 
in similar fashion according to the invention. Further, the 
image as expressed herein is de?ned as a dynamic image in 
the form of a temporal image sequence, While a stationary 
image is de?ned as one frame of image included in a 
dynamic image, a part of the image included in one frame of 
the image or a still image other than the dynamic image. 

[0022] Any of various types of devices such as a camera 
may be used as an image pickup device. Also, any of various 
types of image signals such as NTSC or PAL may be used. 
Also, an object may include any of various ones such as a 
person, a vehicle, an animal, etc. An object in an image 
corresponds to, for example, the image portion of the object 
contained in the image. 

[0023] According to an embodiment, at least one feature 
amount described above includes at least one of the position, 
siZe and moving distance of the image of the object. Note 
that the “moving distance” is a distance traveled by the 
image of the object in a predetermined unit time. 

[0024] According to an embodiment, the position of the 
range of the partial area is set based on the position of the 
image of the object, While the siZe of the range of the partial 
area is set based on the siZe of the image of the object. 

[0025] According to an embodiment, the image included 
in the range of the partial area is enlarged at a magni?cation 
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rate set based on the size of the range of the partial area and 
a predetermined image display siZe. 

[0026] According to an embodiment, a upper limit of a 
Zoom amount of the image pickup lens of the image pickup 
device is set based on the siZe of the image of the object 
detected, Wherein the siZe of the range of the partial area is 
set to a preset ratio smaller than unity of the siZe of the input 
image. 

[0027] According to an embodiment, the Zoom amount of 
the image pickup device is changed in dependence on the 
moving distance of the image of the object. 

[0028] According to an embodiment, the Zoom amount of 
the image pickup device is changed in dependence on the 
siZe of the image of the object. 

[0029] According to another aspect of the invention, there 
is provided an object tracking apparatus comprising: an 
image pickup device With the imaging direction and the 
Zoom ratio thereof controllable; a display unit; a detection 
unit for detecting a feature amount of an image of the object 
Within an input image obtained from the image pickup 
device; a control unit for controlling the image pickup 
device based on the feature amount detected to track the 
object; a setting unit for setting a range of a partial area 
including the object Within the input image based on the 
feature amount; and an enlarging unit for enlarging an image 
in the set range of the partial area for display on the display 
unit. 

[0030] According to still another aspect of the invention, 
there is provided a computer program used to track an object 
by operating an object tracking apparatus having an image 
pickup device With an imaging direction and Zoom amount 
thereof controllable, by executing the steps of: detecting at 
least one feature amount of an image of the object Within an 
image obtained from the image pickup device, the feature 
amount including at least one of a position, siZe and moving 
distance of the image of the object; controlling the image 
pickup device based on the feature amount detected to track 
the object; setting a range of a partial area including the 
image of the object Within the input image based on the 
detected feature amount; and enlarging an image in the set 
range of the partial area. 

[0031] According to yet another aspect of the invention, 
there is provided a computer program embodied on a 
computer-readable medium for use in tacking an object by 
operating an object tracking apparatus including an image 
pickup device an imaging direction and Zoom amount 
thereof controllable, by executing the steps of: detecting at 
least one feature amount of an image of the object Within an 
input image obtained from the image pickup device, the 
feature amount including at least one of a position, siZe and 
moving distance of the image of the object; controlling the 
image pickup device based on the detected feature amount 
to track the object; setting a range of a partial area including 
the image of the object Within the input image based on the 
detected feature amount; and enlarging the image in the set 
range of partial area. 

[0032] The above and other objects, features and advan 
tages Will be made apparent by the detailed description taken 
in conjunction With the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a diagram shoWing an example of the 
steps of the object tracking process executed by an image 
monitor device according to an embodiment of the inven 
tion. 

[0034] FIG. 2 is a diagram shoWing an example con?gu 
ration of an image monitor device according to an embodi 
ment of the invention. 

[0035] FIG. 3 is a diagram schematically shoWing an 
example of the process of detecting an intruder using the 
subtraction method and an example of the process of reg 
istering the image of the intruding object as a template. 

[0036] FIG. 4 is a diagram shoWing an example of the 
How of the process of tracking an intruding object by 
sequentially executing the process of detecting the moving 
distance of the intruding object according to the template 
matching method. 

[0037] FIG. 5 is a diagram shoWing an example of the 
operation of controlling the camera head based on the 
position of an object detected. 

[0038] FIGS. 6A and 6B are diagrams shoWing an 
example of the manner in Which the template is enlarged or 
compressed. 
[0039] FIG. 7 is a diagram schematically shoWing an 
example of the operation of controlling the camera head and 
the image pickup lens. 

[0040] FIG. 8 is a diagram shoWing an example of the 
manner in Which a part of an input image is electronically 
enlarged. 
[0041] FIG. 9 is a diagram shoWing an example of the 
manner in Which the process is executed to track an object 
by an image monitor device according to an embodiment of 
the invention. 

[0042] FIG. 10 is a diagram shoWing an example of the 
manner in Which a partial image is cut out. 

[0043] FIG. 11 is a ?oWchart shoWing the steps of the 
object tracking process executed according to another 
embodiment of the invention. 

[0044] FIG. 12 is a diagram for explaining an example of 
setting the Zoom magni?cation of the image pickup lens 
according to the embodiment shoWn in FIG. 11. 

DESCRIPTION OF THE EMBODIMENTS 

[0045] Embodiments of the invention are explained beloW 
With reference to the accompanying draWings. Identical or 
similar component parts are designated by the same refer 
ence numerals, respectively. 

[0046] FIG. 2 shoWs an example of a hardWare con?gu 
ration of an image monitor device using an object tracking 
apparatus according to the invention. The image monitor 
according to this embodiment includes an image pickup 
device 201, a processing unit 202, an operating unit 203, an 
external storage unit 204, an image monitor 205 and an 
alarm lamp 206. 

[0047] The image pickup device 201 includes a TV cam 
era 201a, an image pickup lens 201b con?gured of a Zoom 
lens, for example, and a camera head 201c con?gured of a 
sWivel, for example. 
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[0048] The processing unit 202 includes an image input 
unit 202a, a camera head control unit 202b, a lens control 
unit 202c, an operating input unit 202d, an image memory 
2026, a MPU 202f, a Work memory 202g, an external 
input/output unit 202h, an image output unit 202i, an alarm 
output unit 202j and a data bus 202k. 

[0049] The operating unit 203 includes a joystick 203a, a 
?rst button 203b and a second button 203c. 

[0050] Speci?cally, the output of the TV camera 201a is 
connected to the data bus 202k through the image input unit 
202a, the control unit of the image pickup lens 201b is 
connected to the data bus 202k through the lens control unit 
202c, the camera head 201c With the TV camera 201a 
mounted thereon is connected to the data bus 202k through 
the camera head control unit 202b, and the output of the 
operating unit 203 is connected to the data bus 202k through 
the operating input unit 202d. 

[0051] The external storage unit 204 is connected to the 
data bus 202k through the external input/output unit 202h, 
the image monitor 205 is connected to the data bus 202k 
through the image output unit 202i, and the alarm lamp 206 
is connected to the data bus 202k through the alarm output 
unit 202j. The MPU 202f, the Work memory 202g and the 
image memory 2026 are directly connected to the data bus 
202k. 

[0052] The TV camera 201a catches a target monitor area 
in a predetermined visual ?eld, picks up an image of the 
target monitor area and outputs an image signal. For this 
purpose, the TV camera 201a including an image pickup 
lens 201b is mounted on the camera head 201. The image 
signal picked up by the TV camera 201a is stored in the 
image memory 2026 through the data bus 202k from the 
image input unit 202a. 

[0053] The external storage unit 204 functions to store the 
program and the data, Which are read into the Work memory 
202g through the external input/output unit 202h as 
required. On the other hand, the program and the data are 
stored in the external storage unit 204 from the Work 
memory 202g. 

[0054] The MPU 202f executes the process in accordance 
With the program stored in the external storage unit 204 and 
read into the Work memory 202g at the time of operation of 
the processing unit 202 so that the image stored in the image 
memory 2026 is analyZed in the Work memory 202g. In 
accordance With the processing result, the MPU 202f con 
trols the image pickup lens 201b through the lens control 
unit 202c or the camera head 201c through the camera head 
control unit 202b thereby to change the visual ?eld of the TV 
camera 201a. At the same time, the MPU 202f displays the 
result of detecting an intruding object as an image on the 
image monitor 205 and turns on the alarm lamp 206 as 
required. 

[0055] Regarding the image monitoring device described 
above, it is noted that the con?gurations of the image pickup 
device 201, processing unit 202 and so on and connections 
thereamong are not restricted to the present embodiment. 
For example, the image monitoring device may be con?g 
ured such that the image pickup device 201 and processing 
unit 202 may be connected through a netWork, such as the 
Internet or that video signals picked up by the TV camera 
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201a may be digital-compressed and the resulted image data 
may be inputted to the processing unit 202. 

[0056] FIG. 1 shoWs an example of the steps executed in 
the object tracking process using the subtraction method and 
the template matching method by an image monitor device 
according to this embodiment. With reference to FIG. 1, the 
object tracking process is explained. 

[0057] First, the image memory 2026 and the Work 
memory 203g for executing the object tracking process are 
initialiZed in the initialiZation step 101. 

[0058] Next, the process 102 (steps 102a to 1026) for 
detecting an intruding object by the subtraction method is 
executed. 

[0059] Speci?cally, in the ?rst image input processing step 
102a, an input image having 320 pixels in horiZontal direc 
tion and 240 pixels in vertical direction, for example, is 
obtained from the TV camera 201a. 

[0060] In the difference processing step 102b, the bright 
ness difference for each pixel is calculated betWeen the input 
image obtained in the ?rst image input step 102a and the 
reference background image containing no intruding object 
prepared in advance. 

[0061] In the binariZation step 102c, the value of the pixel 
of Which the difference pixel value of the difference image 
obtained in the difference processing step 102b is less than 
a threshold value Th is set to “0”, and the value of the pixel 
of Which the difference pixel value of the difference image 
is equal to or more than the threshold value Th is set to “255” 
thereby to obtain a binary image. The predetermined thresh 
old value Th is assumed to be 20, and the value of one pixel 
is assumed to be 8 bits (“0” to “255”), for example for the 
purpose of calculation. 

[0062] In the labeling step 102d, a cluster of pixels having 
the pixel value “255” in the binary image obtained in the 
binariZation step 102c is detected and each pixel is num 
bered for discrimination. 

[0063] The intruding object presence judging step 102e 
judges that an intruding object is present in the target 
monitor area in the case Where the cluster of pixels having 
the pixel value “255” numbered in the labeling step 102d 
meets predetermined conditions. The predetermined condi 
tions are, for example, the siZe of 20 or more pixels in 
horiZontal direction and 50 or more pixels in vertical direc 
tion. 

[0064] In the case Where the intruding object presence 
judging step 102e judges that an intruding object is present, 
the process proceeds to the alarm/detection information 
display step 103. In the case Where the judgment is that no 
intruding object is present, on the other hand, the process 
proceeds again to the ?rst image input processing step 102a 
thereby to execute the process of the subtraction method 
again. 

[0065] With reference FIG. 3, the process of detecting an 
intruding object is speci?cally explained. FIG. 3 schemati 
cally shoWs an example of the process of detecting an 
intruding object using the subtraction method and an 
example of the process of registering an image of the 
intruding object as a template. 
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[0066] In FIG. 3, numeral 401 designates an input image 
obtained in the ?rst image input processing step 102a, and 
numeral 402 a reference background image prepared and 
recorded beforehand in the image memory 202e. Numeral 
406 designates a subtractor for executing the process of the 
difference processing step 102b, numeral 403 a difference 
image obtained in the difference processing step 102b, and 
numeral 407 a binariZer for executing the binariZation step 
102c. Numeral 404 designates a binary image obtained in 
the binariZation step 102c. 

[0067] The subtractor 406 calculates the brightness differ 
ence of each pixel betWeen the input image 401 and the 
reference background image 402 and outputs a difference 
image 403. Next, the binariZer 407 processes each pixel of 
the difference image 403 With respect to the threshold value 
Th, so that the pixel value less than the threshold Th is set 
to “0” and the pixel value not less than the threshold Th to 
“255” thereby to obtain a binary image 404. As a result, the 
human-like object 409 displayed in the input image 401 is 
calculated as an area (the area in Which the image signal 
changes) 410 in Which a difference is developed by the 
subtractor 406, and detected as an image 411 by the binariZer 
407. 

[0068] Next, the continuation of the process shoWn in 
FIG. 1 is explained. In the alarm/detection information 
display step 103, in order to send an alarm indicating the 
detection of an intruding object to the operator, for example, 
the information on the intruding object is displayed on the 
image monitor 205 through the image output unit 202 j or the 
alarm lamp 206 is turned on through the alarm output unit 
202j. The information on the intruding object may be the 
positions and number of persons, for example. 

[0069] The input image With an intruding object super 
posed thereon may be displayed, for example, on the image 
monitor 205. The intruding object superposed on the input 
image is displayed in any of other various forms, i.e. directly 
as a binary image of the intruding object obtained in the 
binariZation step 102c, as a circumscribed rectangle thereof 
or in the case Where the intruding object is a person, With a 
triangular mark attached on his/her head or in a color. 

[0070] Next, process 104 (steps 104a to 104]‘) for detect 
ing the moivng distance of the intruding object by template 
matching is executed. 

[0071] Speci?cally, in the template registration step 104a, 
the image of an intruding object in the input image is cut out 
and registered as a template based on the circumscribed 
rectangle 412 representing a cluster of pixels having the 
pixel value “255” numbered in the labeling step 102d. 

[0072] In the second image input processing step 104b, 
like in the ?rst image input processing step 102a, an input 
image having 320 pixels in horiZontal direction and 240 
pixels in vertical direction, for example, is obtained from the 
TV camera 201a. In the process, the focal length of the 
image pickup lens 201b of the TV camera 201a is set to f and 
recorded in the Work memory 202g. 

[0073] In the template enlargement/compression step 
104c, the difference in siZe betWeen the input image and the 
target object displayed in the template caused by the change 
in the focal length of the image pickup lens 201b is corrected 
in accordance With the ratio betWeen the focal length f‘ 
recorded in the Work memory 202g, ie the focal length f‘ of 
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the image pickup lens 201b of the TV camera 201a at the 
time of the preceding execution of the template update 
processing step 104f described later and the present focal 
length f recorded in the Work memory 202g. According to 
this embodiment, the image pickup lens 201b is controlled 
to change the focal length in the camera head/lens control 
step 105. 

[0074] In the template matching step 104d, an image 
having the highest degree of coincidence With the template 
in the input image obtained in the second image input step 
104b is detected. Normally, the comparison betWeen the 
template and the Whole input image consumes considerable 
time. Therefore, a predetermined range of a search area in 
the template is searched for an image having the highest 
degree of coincidence With the template. 

[0075] In the coincidence degree judging step 1046, the 
degree of coincidence r(Ax, Ay) described later is deter 
mined using, for example, the normaliZed correlation value 
expressed by equation 1 described later. In the case Where 
the degree of coincidence is 0.7 or more, for example, it is 
judged that the degree of coincidence is high and the process 
proceeds to the template update processing step 104f, While 
in the case Where the degree of coincidence is less than 0.7, 
the process proceeds to the ?rst image input processing step 
102a described above. 

[0076] A high degree of coincidence is indicative of the 
fact that the input image contains an image analogous to the 
template, ie that an intruding object is located in the 
monitor area at the position (Ax, Ay) as relative to the 
template position (x0, y1) described later. This process is 
folloWed by detecting the moving distance of the intruding 
object. A loW degree of coincidence, on the other hand, is 
indicative of the fact that no image analogous to the template 
is existent in the input image, ie that no intruding object is 
present in the monitor area. In this case, the process proceeds 
to the ?rst image input processing step 102a to detect an 
intruding object again by the subtraction method. 

[0077] In the template update processing step 104f, the 
input image obtained in the second image input processing 
step 104b is cut out as a neW template image based on the 
neWly determined position of the intruding object. By updat 
ing the template as required in this Way, the latest image of 
the intruding object is recorded in the template. Even in the 
case Where the intruding object changes the position, there 
fore, the moving distance of the intruding object can be 
steadily detected. 

[0078] With reference to FIGS. 6A, 6B, the template 
enlargement/compression processing step 104c is speci? 
cally explained. FIGS. 6A, 6B shoW the case in Which the 
template is enlarged. Nevertheless, the principle is the same 
for the compression of the template. 

[0079] FIG. 6A shoWs an example of the image 701 
before enlarging the template, and FIG. 6B an example of 
the image 703 after enlarging the template. The Zoom 
magni?cation r of the template is expressed as 

r=f/f (1) 

[0080] In the case Where the focal length f of the image 
pickup lens 201b of the TV camera 201a at the time of 
executing the template update processing step 104f is 20 mm 
and the present focal length f is 24 mm, for example, 
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r=24/20=1.2. This indicates that the size of the object on the 
image is enlarged by 1.2 times due to the change of the focal 
length of the image pickup lens 201b. In other Words, by 
setting the template at the same center positions 702, 704 
before and after enlargement, increasing the siZe of the 
template 701 to 1.2 times as large and using the resulting 
value as a neW template 703, the siZe of the intruding object 
in the input image can be rendered coincident With the siZe 
of the intruding object in the template. 

[0081] In the X-Y orthogonal coordinate system shoWn in 
the case of FIGS. 6A, 6B, the length (r><Tx) resulting from 
multiplying the X-direction TX of the template 701 before 
enlargement by the Zoom magni?cation r is set as the 
X-direction length of the template 703 before enlargement. 
In similar fashion, the length (r><Ty) resulting from multi 
plying the Y-direction length Ty of the template 81 before 
enlargement by the Zoom magni?cation r is set as the 
Y-direction length of the template 703 after enlargement. In 
the process, the center positions 702, 703 of the templates 
701, 703 are kept unchanged. 

[0082] Immediately after detecting the intruding object in 
the intruding object detection process 102, the template 
update processing step 104f is not executed, and the focal 
length f of the image pickup lens 201b of the TV camera 
201a at the time of updating the template is not acquired. In 
this case, therefore, the template enlargement/compression 
processing step 104c is not executed. 

[0083] In the case Where the template enlargement/com 
pression processing step 104c is executed as in this example, 
on the other hand, the focal length f‘ recorded in the Work 
memory 202g is updated using the present focal length f of 
the image pickup lens 201b of the TV camera 201a at the 
time of execution of the template update processing step 
104f. 
[0084] With reference to FIGS. 3 and 4, the process of 
detecting the moving distance of the intruding object is 
speci?cally explained. FIG. 3 shoWs a cut-out device 408 
and a template image 405. 

[0085] The intruding object displayed in the input image 
401 is cut out by the cut-out device 408 based on the 
circumscribed rectangle 412 of the intruding object 411 
obtained as a cluster of pixel values “255” in the binary 
image in the labeling step 102d described above thereby to 
obtain a template image 405. The template image 405 
contains the template 413 of the intruding object 409, Which 
template 413 constitutes an initial template in the process of 
detecting the moving distance of the intruding object accord 
ing to the template matching method. Then, the template 
matching is executed based on the initial template. 

[0086] FIG. 5 schematically shoWs an example of the How 
of the process for tracking an intruding object by executing, 
as required, the process of detecting the moving distance of 
the intruding object by template matching. 

[0087] In FIG. 4, the time point at Which the template 
image 501 is obtained is given as t0, and the time points at 
Which the input images sequentially input at predetermined 
time internals (say, 100 ms) are given as (t0+1), (t0+2), and 
so forth in the order of input. 

[0088] In FIG. 4, numeral 501 designates the template 
image at time point to. This template image 501 contains the 
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template 501a as of the time point to. These templates are 
identical With the template image 405 and the template 413 
shoWn in FIG. 3. 

[0089] Numeral 502 designates an input image as of time 
point (t0+1). In this input image 502, the rectangular area 
502b indicates the position of the intruding object at time 
point t0 (the position of the template 501a) and the rectan 
gular area 502c an for template matching (search area). 

[0090] Once the template matching process 509 (step 
104th is executed, the maximum degree of coincidence is 
reached by the image 502a having the highest degree of 
coincidence With the template 501a in the template matching 
search area 502c, thereby indicating the presence of the 
intruding object in the image 502a at time point (t0+1). This 
position is expressed as (Ax, Ay) as relative to the position 
(x0, y1) of the template 501a at time point to. Thus, the 
intruding object is seen to have moved by the distance 
indicated by arroW 502d. 

[0091] In the template update process 510 (step 104]‘), the 
image 502a having the highest degree of coincidence With 
the template 501a is updated as a neW template at time point 
(t0+1). Speci?cally, as shoWn in FIG. 4, the position 502a 
of the intruding object is cut out from the input image 502 
as a template image 503, and the image 502a of the intruding 
object is updated as a neW template 503a at time point 

(t0+1). 
[0092] This process is executed for the input images 
sequentially applied from the TV camera 201a. Speci?cally, 
as shoWn in FIG. 4, a search area 504c is set in the input 
image 504 based on the position 504bof the template 503a 
at time point (t0+2), and the position 504a of the intruding 
object is detected by the template matching process 509 
(step 104th using the template 503a in the template image 
503 at time point (t0+1). As a result, the intruding object is 
seen to have moved as indicated by arroW 504d. 

[0093] Further, as shoWn in FIG. 4, the template image 
505 and template 505a of the intruding object at time point 
(t0+2) are updated by the template updating process 510 
(step 104]‘). 
[0094] Also, as shoWn in FIG. 4, a search area 506c is set 
in the input image 506 at time point (t0+3) based on the 
position 506b of the template 505a, and the position 506a of 
the intruding object is detected by the template matching 
process 509 (step 104th using the template 505a in the 
template image 505 at time point (t0+2). Then, the intruding 
object is seen to have moved as indicated by arroW 506d. 

[0095] Further, as shoWn in FIG. 4, the template image 
507 and the template 507a of the intruding object at time 
point (t0+3) are updated by the template updating process 
510 (step 104]‘). 

[0096] Also, as shoWn in FIG. 4, a search area 507cis set 
in the input image 508 at time point (t0+4) based on the 
position 508b of the template 507a, and the position 508a of 
the intruding object is detected by the template matching 
process 509 (step 104th using the template 507a in the 
template image 507 at time point (t0+3). Then, the intruding 
object is seen to have moved as indicated by arroW 508d. 

[0097] By sequentially executing the template matching 
process in this Way, the intruding object can be tracked. 
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[0098] The search area and the degree of coincidence in 
the template matching process (step 104d) described above 
are explained speci?cally. The range of the search area is 
determined, for example, by the motion, on the input image, 
of a target object registered in the template. 

[0099] As a speci?c example, assume that a 1/3-inch CCD 
(image pickup element 4.8 mm><3.6 mm in siZe) is used as 
an image pickup device 201, the focal length of the image 
pickup lens 201b is 32 mm and the distance to the object is 
30 m. In the case Where an image is picked up under this 
condition, the horiZontal visual ?eld of the TV camera 201a 
is 30><4.8—32=4.5 m. In the case Where an image of an 
intruding object moving at the speed of 5 km per hour (about 
1.39 m/s) is picked up by this TV camera 201a With an 
image siZe of 320x240 pixels and an input interval of 0.1 s 
(100 ms), the moving distance of the object on the image for 
each input image in horiZontal direction is given as 320x 
1.39><0.1/4.5+9.88 pixels. 

[0100] Also, in the case Where the object moves toWard 
the TV camera 201a, the distance covered on the image is 
also increased, and therefore the actual range of the search 
area is set With a margin about ?ve times as large as the 
calculated value. Speci?cally, assuming that the horiZontal 
siZe Mx of the search area is 50 pixels, the vertical siZe My 
of the search area, Which is changed depending on the angle 
of elevation and the mounting position of the TV camera 
201a, assumes a value about 40% of the horiZontal siZe. The 
search range in this case, therefore, is Widened by Mx of 50 
pixels in horiZontal direction and My of 20 pixels in vertical 
direction on the template. 

[0101] On the other hand, the degree of coincidence is 
expressed by equation (2) beloW, for example, using the 
normaliZed correlation value r(Ax, Ay) 

[0102] Where f(x,y) indicates the input image. Referring to 
FIG. 5, g(x,y) indicates the template image 601, (x0, y1) the 
coordinate at the upper left part in the template 602, and D 
the siZe of the template. In this example, the coordinate axes 
of the image have the origin (0,0) at the upper left corner. 
Referring to FIG. 3, D corresponds to the siZe of the 
circumscribed rectangle 412 of the intruding object detected 
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in the binary image 404, Which in this case is equivalent to 
50 pixels in horiZontal direction and 20 pixels in vertical 
direction. 

[0103] The normaliZed correlation value r (Ax,Ay) 
assumes a value de?ned as —1 §r(Ax,Ay)§ 1, or 1 in the case 
Where the input image is in complete coincidence With the 
template. 
[0104] In the case Where Ax, Ay are scanned in the search 
area for template matching, i.e. in the case Where Ax and Ay 
are changed in the range —Mx§Ax§Mx, —§My§Ay§My, 
respectively, in the aforementioned case, the process is 
executed to detect the position (Ax, Ay) associated With the 
maximum normaliZed correlation value r(Ax,Ay). 

[0105] Next, the continuation of the processing steps 
shoWn in FIG. 1 is explained. In the focal length information 
acquisition step 105, the focal length f of the image pickup 
lens 102b at the time of acquisition of the present input 
image recorded in the Work memory 202g is acquired. 

[0106] Next, in the camera head/lens control step 106, the 
camera head 201c is controlled in accordance With the 
displacement betWeen the center of the input image and the 
position of the intruding object detected by the template 
matching step 104d in the intruding object moving distance 
detection process 104. Also, in accordance With the siZe of 
the detected intruding object on the image and the corre 
sponding focal length (acquired in step 105) of the TV 
camera 201a, a neW focal length (Zoom magni?cation) is 
calculated to control the focal length (Zoom) of the image 
pickup lens 201b. The calculation of the Zoom magni?cation 
is explained later. 

[0107] With reference to FIG. 5, the process of controlling 
the camera head 201c described above is speci?cally 
explained. As an example, assume that an intruding object 
has been detected at the position 602 on the template image 
601, as shoWn in FIG. 5. In this case, assuming that the 
center of the intruding object is located at the center position 
603 of the template, the displacement dx along X axis and 
the displacement dy along Y axis from the center 604 of the 
template image 601 can be calculated. 

[0108] In the case Where the center position 603 of the 
template is located at least a predetermined amount s left 
Ward (dx<—s) from the center 604 of the input image, the 
camera head 201c is panned to the left, While in the case 
Where the template center position 603 is located at least a 
predetermined amount s rightWard (dx>s), on the other hand, 
the camera head 201c is panned to the right. Also, in the case 
Where the template center position 603 is located at least a 
predetermined amount s (dy<—s) upWard of the center 604 of 
the input image, the camera head 201c is tilted upWard, 
While in the case Where the template center position 603 is 
located at least a predetermined amount s doWnWard (dy>s) 
of the center 604 of the input image, on the other hand, the 
camera head 201c is tilted doWnWard. 

[0109] The use of the predetermined amount s eliminates 
the need of controlling the camera head 201c in the case 
Where the intruding object is located at about the center of 
the image, and therefore the position of the intruding object 
at Which to start controlling the camera head 201c can be 
designated by the predetermined amount s. Any of various 
values can be used as the predetermined amount s leftWard, 
rightWard, upWard and doWnWard, respectively. For 
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example, the same value s may be employed for the four 
directions, or an arbitrary value s may be used for each of the 
four directions. 

[0110] As an example, a predetermined amount s of 50 can 
be used in four directions of leftWard, rightward, upWard and 
doWnWard. The smaller the predetermined amount s, the 
higher the likelihood of the image of the intruding object 
becoming dif?cult to see, because in response to a slightest 
displacement of the intruding object from the center, the 
camera head 201c is controlled. Nevertheless, the value such 
as 0 or a small value can be used as the predetermined 
amount s. 

[0111] Also, the control speed of the pan motor and the tilt 
motor can be changed according to the absolute value of the 
X-axis displacement dx or the Y-axis displacement dy of the 
intruding object With respect to the center 604 of the 
template image 601. In this case, the larger the displacement 
dx along X axis or the displacement dy along Y axis, the 
higher the control speed. 

[0112] Next, the process of controlling the image pickup 
lens 201b is explained speci?cally. In controlling the image 
pickup lens 201b, the image pickup lens 201b is Zoomed up, 
for example, in the case Where the height of the template is 
less than a predetermined value (or not more than a prede 
termined value) based on the siZe of the detected intruding 
object on the image, ie the siZe of the template, While the 
image pickup lens 201b is Zoomed out in the case Where the 
template height is not less than the predetermined value (or 
more than the predetermined value). As an example, the 
predetermined value can be 400 pixels (in the case Where the 
siZe of the input image is 640 pixels in horiZontal direction 
and 480 pixels in vertical direction). In this case, for 
example, assume that the present template height is 300 
pixels and the present focal length f of the Zoom lens 201b 
recorded in the Work memory 202g is 30 mm. Then, for the 
height of the template to be 400 pixels, the focal length f of 
the Zoom lens is set to 40 mm (=30><(400/300)). In other 
Words, the Zoom ratio is set to 1.3 times as large. Thus, the 
MPU 202f controls the focal length of the Zoom lens 201b 
at 40 mm through the lens control unit 2026. By doing so, 
the intruding object can be caught in appropriate siZe Within 
the visual ?eld of the TV camera 201a. As an alternative, the 
Zoom lens 201b can be controlled by a simple process in 
Which the focal length is lengthened by 1.0 mm for Zoom-in 
mode and shortened by 1.0 mm for Zoom-out mode. The 
process of tracking an intruding object is repeatedly 
executed from to time, and therefore even this simple 
process can secure a similar control operation in the next 
frame as in the preceding frame in the case Where the focal 
length is not suf?ciently controlled. By repeating the process 
of tracking an intruding object, therefore, the focal length of 
the Zoom lens 201b is controlled at a proper value and the 
height of the template can be set to a predetermined value. 
The change rate 1.0 mm of the focal length is empirically 
calculated. In the case Where this value is large, the over 
damping of the focal length may occur at about the proper 
value although the template can be set quickly to a prede 
termined height. With a small change rate of the focal length, 
on the other hand, a considerable time may be required 
before the template is set to a predetermined height due to 
the possible under-damping. 

[0113] In the example described above, the template 
height is used to judge the siZe of the target object on the 
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image. This is by reason of the fact that an intruding object 
is displayed in vertical position in most cases While the 
image input by the image pickup device 201 is horiZontally 
long. Speci?cally, comparison of the siZes betWeen the 
intruding object, caught in the visual ?eld of the image 
pickup device 201, and the input image shoWs that the 
difference betWeen the vertical lengths of the intruding 
object and the input image is smaller than the difference 
betWeen the horiZontal lengths thereof. In the case Where the 
image pickup lens 102b is controlled for Zoom-in operation 
based on the result of the siZe judgment using the template 
Width, therefore, the vertical position of the intruding object 
may be undesirably displaced out of the visual ?eld. 

[0114] In evaluating the siZe of an intruding object on the 
image With the focal length of the image pickup lens 102b 
adjusted With reference to the height of the template, for 
example, the camera head 201c can be controlled steadily 
While at the same time making the Zoom-up or Zoom-out 
operation. The focal length of the image pickup lens 102b 
can be adjusted With reference to the Width as Well as the 
height of the template. In the case Where the intruding object 
is a horiZontally long object like an automotive vehicle, the 
template Width can be used. 

[0115] As a result, the intruding object can be tracked by 
being caught at the center of the visual ?eld of the TV 
camera 201a, While at the same time controlling the camera 
head 201c automatically. 

[0116] Also, it is possible to control the image pickup lens 
201b based on the factors, other than the siZe of the intruding 
object on the image, such as the distance covered by the 
intruding object on the image. Speci?cally, in the case Where 
the distance covered by the intruding object on the image is 
less than a predetermined value (or not more than a prede 
termined value), the image pickup lens 201b is Zoomed in, 
While in the case Where the distance covered by the intruding 
object on the image is not less than a predetermined value 
(or more than a predetermined value), on the other hand, the 
image pickup lens 201b is Zoomed out. This operation of 
controlling the image pickup lens 201b based on the distance 
covered by the intruding object on the image is explained 
later With reference to another embodiment. 

[0117] In the image cut-out processing step 107 and the 
image enlargement processing step 108 described beloW, the 
range of a partial area including the image of an intruding 
object is set in the input image and the image of the partial 
area in the set range is processed (enlarged). 

[0118] First, in the image cut-out processing step 107, a 
partial image of the input image is cut out (the position, siZe, 
etc. of the partial image are set) in accordance With the 
position of the intruding object and the siZe of the template. 

[0119] With reference to FIG. 10, the process of cutting 
out a partial image is explained speci?cally. FIG. 10 shoWs 
the relation betWeen a template 1101 of an intruding object 
detected in the input image at a given time point and a partial 
image 1103 to be cut out. In FIG. 10, the siZe of the partial 
image, ie the number of pixels Sx in horiZontal direction 
and the number of pixels Sy in vertical direction are 
expressed as 

[0120] Where Tx is the horiZontal siZe (Width) of the 
template, and Ty the vertical siZe (height) of the template. In 
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the case shown by equation (3), the height Sy of the partial 
image is set at 120% of the vertical siZe Ty of the template. 
The value 120% is only an example, and 80% or a smaller 
value than the vertical siZe Ty of the template can alterna 
tively be set as the height Sy of the partial image With equal 
effect. 

[0121] The Width SX of the partial image, on the other 
hand, is set in accordance With the aspect ratio of the image 
monitor 205 Which outputs the result of enlargement, as an 
eXample. In the case Where the aspect ratio of the image 
monitor 205 is 4 to 3, for eXample, as seen from equation (3), 
the Width SX of the partial image is set to 4/3 times the height 
Sy of the partial image set as above. 

[0122] In FIG. 10, the partial image cut-out range 1103 is 
set With the coordinate (CX, Cy) of the template center as a 
reference. Speci?cally, in FIG. 10, the coordinate (X0, y1) of 
the upper left corner of the partial image cut-out range range 
1103 is set to (CX-SX/2, Cy-Sy/2), and the coordinate (X1, 
y1) of the loWer right corner of the partial image cut-out 
range range 1103 is set to (CX+SX/2, Cy+Sy/2). By doing so, 
the center of the template can be rendered to coincide With 
the center of the partial image. 

[0123] The siZe (height and Width) of the partial image is, 
though set With the vertical siZe Ty of the template as a 
reference in equation (3) above, may alternatively be set 
With the horiZontal siZe TX of the template as a reference. 

[0124] NeXt, the continuation of the process shoWn in 
FIG. 1 is eXplained. In the image enlargement processing 
step 108, the partial image obtained in the image cut-out 
processing step 107 is enlarged to a suf?cient siZe to be 
output to the image monitor 205. More speci?cally, the siZe 
of the image signal to be output can be set to a desired siZe 
in accordance With the screen siZe of the image monitor 205 
or the like. In the case Where the image monitor 205 is 
capable of outputting an image signal of NTSC system, for 
eXample, the partial image is enlarged to the siZe of 640 
piXels in horiZontal direction and 480 piXels in vertical 
direction. In this case, the magni?cation is 640/SX in hori 
Zontal direction and 480/Sy in vertical direction. Neverthe 
less, various magni?cations can be used. Also, an upper or 
loWer limit can be set to each magni?cation. While in the 
above eXample the image Was enlarged to a ?Xed siZe of 640 
piXels in horiZontal direction and 480 piXels in vertical 
direction, the image siZe after enlargement may not be a 
?Xed siZe. The image thus enlarged is displayed on the 
image monitor 205 in the alarm/tracking information display 
processing step 109 described later. 

[0125] NeXt, in the alarm/tracking information display 
processing step 109, the image enlarged in the image 
enlargement processing step 108 is displayed on the image 
monitor 205 through the image output unit 202i. Also, in 
order to Warn the operator that an intruding object is being 
tracked, for eXample, the information on the intruding object 
is displayed on the image monitor 205 through the image 
output unit 202i or the alarm lamp 206 is turned on through 
the alarm output unit 202j. The information on the intruding 
object includes the moving distance and the route of move 
ment. 

[0126] As described above, according to this embodiment, 
the loW responsiveness of the camera head and the image 
pickup lens in the mechanical or optical tracking process is 
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compensated for by the electronic image cut-out process 
(step 107) and the image enlarging process (step 108), the 
requirement of a Wide ?eld angle for the electronic tracking 
process is met by the mechanical camera head control 
process (step 106), and the loW resolution is compensated 
for by the optical image pickup lens control process (step 
106). In this Way, While the image of an intruding object is 
caught at the center of the image, the tracking process can 
be eXecuted by outputting the image to the image monitor 
With a maXimum resolution. 

[0127] NeXt, the effects of this embodiment are eXplained 
speci?cally With reference to FIG. 9. FIG. 9 shoWs an 
eXample of an application of this embodiment to the image 
input at the same time as the result of the intruding object 
tracking process shoWn in FIG. 7. In FIG. 9, the images 
input at time points t1, (t1+1), (t1+2), (t1+3) are designated 
as 1001, 1003, 1005, 1007 (like the input images 801, 802, 
803, 804), respectively, and the result of enlarging the partial 
image output to the image monitor 205 at these time points 
are designated as 1002, 1004, 1006, 1008, respectively. 

[0128] In FIG. 9, the positions 1001a, 1003a, 1005a, 
1007a of the intruding object and the templates 1001b, 
1003b, 1005b, 1007b are the same as the positions 801a, 
802a, 803a, 804a of the intruding object and the templates 
801b, 802b, 803b, 804b of the template, respectively, in 
FIG. 8. 

[0129] In FIG. 9, the input image 1001 is obtained and the 
intruding object 1001a is detected at time point t1. At the 
same time, the partial image 101c is cut out in accordance 
With the template 1001b of the intruding object in the image 
cut-out process (step 107). In the image enlarging process 
(step 108), the partial image 1001c is enlarged for display on 
the image monitor 205. Then, the display result 1002 is 
displayed in the image monitor 205. At the same time, the 
intruding object is displayed at the center of the screen as 
designated by 1002a (step 109). 

[0130] NeXt, at time point (t1+1), the partial image 1003c 
is cut out (step 107), enlarged (step 108) and displayed on 
the image monitor 205 as the display result 1004 (step 109). 
Further, at time point (t1+2), the partial image 1005 is cut 
out (step 107), enlarged (step 108) and displayed as the 
display result 1006 (step 109). At time point (t1+3), the 
partial image cut out is as large as the input image, and 
therefore the input image 1007 directly constitutes the 
display result 1008. 

[0131] In order to make sure that the partial image cut out 
is alWays smaller than the input image, the siZe of the partial 
image cut out can be set to 60%, for eXample, of the siZe of 
the input image. At the same time, the image pickup lens 
201b Was controlled using the height of the template of 400 
piXels, for eXample, as an upper limit value of Zoom-in 
operation. Nevertheless, a smaller value such that the height 
of the template becomes one half of the height of the input 
image, i.e. the value of 240 piXels may be used alternatively 
as the Zoom-in upper limit. In this case, the partial image is 
necessarily required to be enlarged in the image enlarging 
step 108 described above. HoWever, since the input image is 
large as compared With the partial image cut out (as large as 
the template), the distances from the upper, loWer, left and 
right ends of the intruding object to the upper, loWer, left and 
right ends of the input image, respectively, can be increased. 
This reduces the chance of encountering the problem that the 
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upper, lower, left or right part of the intruding object may be 
displaced out of the visual ?eld on the input image, and 
therefore the intruding object tracking performance can be 
improved. Also, the intruding object can be tracked by 
changing the position at Which the partial image is cut out, 
in accordance With the movement of the intruding object, 
and therefore a high responsiveness to the movement of the 
object is realiZed. 

[0132] By correcting the position of the cut-out partial 
image With the moving distance (Ax, Ay) of the intruding 
object, the intruding object can be tracked While folloWing 
the movement thereof, thereby reducing the chance of 
overlooking the intruding object on display. In this case, the 
coordinate (X0, y1) of the upper left corner of the partial 
image cut-out range 1103 is given as (Cx—Sx/2+Ax, Cy-Sy/ 
2+Ay), and the coordinate (x1, y1) at the loWer right corner 
of the partial image cut-out range 1103 is given as (Cx+Sx/ 
2+Ax, Cy+Sy/2+Ay). 

[0133] According to this invention, therefore, the effect of 
loW responsiveness of the camera head and the image pickup 
lens is suppressed, While the intruding object detected is 
caught at the center of the screen, and an image can be 
displayed With the progressively high resolution of the 
intruding object in accordance With the change in the focal 
length of the image pickup lens. 

[0134] In the process shoWn in FIG. 10, the image cut-out 
position is determined With the template center as a refer 
ence. Nevertheless, a point other than the center of the 
template, such as above the template center, can be set as a 
reference to execute the process of cutting out the partial 
image. In the process, the template may be displaced out of 
the display Zone. In vieW of the fact that the image to be 
processed by the processing unit is the one before being cut 
out, hoWever, the object tracking process can be continued. 
In the case Where a reference is set above the center of the 
template, for example, a partial image With the face of the 
intruding object as the center is obtained. Also, once only the 
neighborhood of the face of the intruding object is cut out as 
a partial image, an image With only the face of the intruding 
object enlarged can be output to the image monitor 205. 

[0135] According to this embodiment, the image enlarging 
step 108 is executed in such a manner as to maintain a 
predetermined siZe of the intruding object on the image 
displayed on the image monitor 205. Nevertheless, in the 
case Where the image of the intruding object on the input 
image is small, the resolution of the image displayed may be 
considerably deteriorated by the image enlarging process. In 
such a case, the loWer limit of the Width Sx and the height 
Sy of the partial image may be set in the partial image 
cut-out processing step 107. Assume that the loWer limit of 
the Width Sx and the height Sy of the partial image are set 
to the siZe equivalent to 160 and 120 pixels, respectively, for 
example. The maximum magni?cation in the image enlarg 
ing step 108 is given as 640/Sx=640/160=4, 480/Sy=480/ 
120=4, respectively. Thus, the image is not enlarged by more 
than four times. Therefore, although the siZe of the displayed 
image of the intruding object is not constant, the reduction 
in the resolution of the displayed image can be suppressed. 

[0136] In addition to the partial image enlarged by the 
image enlarging step 108, an image not electronically 
enlarged, i.e. the input image processed through the image 
input process 102a, 104b can be displayed on the image 
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monitor 205. At the same time, the input image and the 
enlarged partial image can be displayed in juxtaposition on 
the image monitor 205. As an alternative, a compressed 
input image may be displayed in superposition on an 
enlarged partial image. 
[0137] Another embodiment of the invention is explained 
beloW. 

[0138] According to this invention, the image pickup lens 
201b can also be controlled also based on the factors, other 
than the siZe of the intruding object on the image, such as the 
moving distance of the intruding object on the image. 
According to this embodiment, the image pickup lens 201b 
is controlled based on the moving distance of the intruding 
object on the image. Speci?cally, in the case Where the 
moving distance of the intruding object on the image is less 
than a predetermined value (or not more than the predeter 
mined value), the image pickup lens 201b is Zoomed in, 
While in the case Where the distance covered by the intruding 
object on the image is not less than the predetermined value 
(or more than the predetermined value), the image pickup 
lens 201b is Zoomed out. This process is explained beloW 
With reference to FIGS. 11 and 12. 

[0139] FIG. 11 shoWs another example of the steps of the 
object tracking process using the subtraction method and the 
template matching method in the image monitor device 
shoWn in FIG. 2. In FIG. 11, the process of steps 101 to 104 
(and 105) is similar to that shoWn in FIG. 1 and therefore not 
explained again. FIG. 12 is a diagram for explaining an 
example of setting the Zoom magni?cation according to this 
embodiment. 

[0140] As in FIG. 1, the focal length f of the image pickup 
lens 201b at the time of acquisition of the present input 
image recorded in the Work memory 202g is acquired in step 
105. 

[0141] Next, the Zoom magni?cation rf is calculated (step 
110) from equation (4) based on the moving distance (Ax, 
Ay) of the intruding object obtained in the template match 
ing process (step 104). 

1.5 (Ax=Ay=O) 

[0142] In equation (4), Mx, My designate the search range 
in the template matching method as already explained, and 
Kx, Ky designate the maximum moving distance of the 
intruding object on the image that can be tracked steadily, 
Which are about one half of the search range, i.e. Kx=25, 
Ky=10 for Mx=50, My=20 in the case under consideration. 
The values of Kx and Ky assume a value of about one half 
of the search range sufficient to meet the requirement to give 
as much margin as to avoid the displacement of the object 
from the search range. Actually, hoWever, the values Kx, Ky 
are set by simulation or experiments. 

[0143] Also, in equation (4), in the case Where the moving 
distance of the intruding object is (Ax, Ay)=(0, 0), i.e. in the 
case Where the moving distance of the intruding object is 
Zero, the Zoom magni?cation rf is set to 1.5. 








